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(57) ABSTRACT 
The described embodiments provide a configurable clock 
circuit. The clock circuit includes a control and enable circuit 
and a clock distribution circuit. During operation, when a 
signal on an enable input to the control and enable circuit is 
asserted and the control and enable circuit is configured in a 
clock mode, the control and enable circuit generates an enable 
signal on a control output to enable a signal on a clock input 
to propagate through the clock distribution circuit to the clock 
output. Alternatively, when a signal on the enable input to the 
control and enable circuit is asserted and the control and 
enable circuit is configured in a pulse mode, the control and 
enable circuit generates a pulsed control signal on the control 
output to control a length of a pulse generated from the clock 
input on a clock output by the clock distribution circuit. 
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1. 

INTEGRATED PULSE-CONTROLAND 
ENABLE LATCH CIRCUIT 

BACKGROUND 

1. Field 
The described embodiments relate to clock-control cir 

cuits. More specifically, the described embodiments relate to 
an integrated pulse-control and enable latch. 

2. Related Art 
Many integrated circuits use a clock signal for timing pur 

poses. For example, integrated circuits can include flip-flops, 
latches, domino circuits, memories, or other types of circuits 
that are controlled or timed using a clock signal. In some 
integrated circuits, the clock signal is a pulsed signal. For 
example, Some integrated circuits can include pulse latches, 
memory circuits such as Synchronous random-access memo 
ries (SRAMs), or other circuits that are controlled or timed 
using pulsed signals. 

Within an integrated circuit, clock signals are often distrib 
uted to large numbers of circuit elements. Consequently, 
many integrated circuits include dedicated circuits for distrib 
uting the clock signal. For example, FIG. 1 presents an exem 
plary clock header 100 used to distribute a clock signal in an 
integrated circuit. Clockheader 100 takes clockinput 102 and 
clock enable signal 104 as inputs and outputs clock output 
signal 106. When asserted (i.e., a logical “1”), clock enable 
signal 104 enables clockinput 102 to propagate through clock 
header 100 to form clock output signal 106. Clock output 
signal 106 can then be used as a clock signal for other circuits 
(not shown). 

For clockheader 100, if clock enable signal 104 transitions 
at an incorrect time, it can corrupt clock output signal 106. 
More specifically, if an improperly timed rising or falling 
edge on clock enable signal 104 occurs during the high phase 
of clockinput 102, it can cause the high phase of clock output 
signal 106 to be shorter than an expected duration. The cor 
rupted high phase of clock output signal 106 can, in turn, 
cause serious errors in the circuits that use clock output signal 
106 as a timing signal. 

In order to avoid errors caused by mistimed transitions in 
the clock enable signal, some systems use a clock enable 
control to generate the clock enable signal. For example, FIG. 
2 presents an exemplary clock enable control latch 200. Clock 
enable control latch 200 takes one or more enable signals 
(e.g., global power clock enable (GPCE) 202, power clock 
enable (PCE) 204, and power clock enable override 
(PCE OV) 206) and a clockinput 208 as inputs and outputs a 
clock enable signal 210. Within clock enable control latch 
200, the latch that is formed by the back-to-back pair of the 
inverter that drives clock enable signal 210 and the tri-state 
inverter driven by clock enable signal 210 is transparent dur 
ing the low phase of clock input 208, but becomes non 
transparent and captures the value on the enable signals as 
clock input 208 rises, thereby setting the clock enable signal 
210 at the captured value for the duration of the high phase of 
clock input 208. 

FIG. 3 presents an exemplary clock generation circuit 300 
that uses clock enable control latch 200 and clockheader 100 
to generate clock output signal 310. As can be seen in FIG. 3, 
clock enable control latch 200 provides a clock enable signal 
to the NAND gate in clock header 100. Because the clock 
enable signal generated by clock enable control latch 200 is 
prevented from transitioning during the high phase of clock 
input 308, clock generation circuit 300 can output clock out 
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2 
put signal 310 without the above-described errors in clock 
output signal 310 caused by mistimed transitions in the 
enable signal. 

Note that, in the configuration shown in FIG. 3, if the 
enable output of clock enable control latch 200 is asserted, 
clockinput 308 is passed through clock generation circuit 300 
to clock output signal 310 with no changes to the waveform of 
clock input 308 (i.e., clock output signal 310 has the same 
duty-cycle as clock input 308). 

Unlike the circuit shown in FIG. 3, which can be used for 
integrated circuits that use a full duty-cycle clock signal, 
integrated circuits that use a pulsed clock can require an 
additional clock pulse control circuit that is used to control the 
length of the pulses in the clock signal. For example, FIG. 4 
presents an exemplary clock pulse control circuit 400. Clock 
pulse control circuit 400 takes disable signal 404 and clock 
input 402 as inputs and outputs clock control output signal 
406. If disable signal 404 is deasserted (i.e., a logical “0”), a 
falling edge on clock input 402 feeds through clock pulse 
control circuit 400 to cause a rising edge on clock control 
output signal 406. Clock control output signal 406 is then 
used to control a clock waveform that feeds back through a 
clock path (see, e.g., clock header 100 in FIG. 5) to form a 
rising edge on feedback signal 408, which pulls clock control 
output signal 406 low, ending the rising pulse on clock control 
output signal 406. 
When coupled to the clock enable signal 104 input of a 

clock header 100, clock pulse control circuit 400 can control 
the pulse length in a pulsed clock. However, like the above 
described clock circuits, glitches can occur on the clock sig 
nal output from clock header 100 if disable signal 404 is not 
prevented from Switching at an incorrect time. A clock enable 
control latch 200 can be used to prevent the enable from 
switching incorrectly. However, clock enable control latch 
200 provides an active-high (i.e., asserted) clock enable sig 
nal 210, while clock pulse control circuit 400 requires an 
active-low (i.e., deasserted) disable signal 404. Thus, if clock 
pulse control circuit 400 is to be used with clock enable 
control latch 200, either the enable signals must be inverted, 
or another modification must be made to clock enable control 
latch 200 to provide disable signal 404 in the correct logical 
State. 

FIG. 5 presents an exemplary pulse clock generation cir 
cuit 500 that uses clock enable control latch 200, clock pulse 
control circuit 400, and clockheader 100 to generate a pulsed 
clock output signal 502. As can be seen in FIG. 5, clock enable 
control latch 200 provides the disable signal to clock pulse 
control circuit 400 which, in turn, provides a control pulse to 
clockheader 100. Clock circuit 500 therefore outputs a pulsed 
clock output signal 502 that is free from glitches caused by 
mistimed transitions in the enable signals. As described 
above, the enable signals (i.e., GPCE 506, PCE 508, and 
PCE OV 510) to clock enable control latch 200 in this con 
figuration must be logically inverted in comparison to the 
enable signals to clock enable control latch 200 in the con 
figuration shown in FIG. 3. 

Because pulse clock generation circuit 500 in the configu 
ration shown in FIG. 5 requires the enable signals to clock 
enable control latch 200 to be logically inverted with respect 
to the enable signals used by clock enable control latch 200 as 
shown in the configuration in FIG. 3, a circuit designer who 
wishes to change a normal (i.e., full duty-cycle) clock to a 
pulsed clock by Switching these circuits must also provide 
inverted enable signals and add a clock pulse control circuit 
400. Hence, due to area constraints, timing constraints, and 
other considerations, Swapping a full duty-cycle clock to a 
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pulsed clock can be difficult. This can limit the designer's 
ability to replace full duty-cycle clocks with higher-perfor 
mance pulsed clocks. 

SUMMARY 

The described embodiments provide a configurable clock 
control circuit (e.g., integrated pulse control and enable latch 
circuit 602 in FIG. 6). The described embodiments include: 
(1) a control and enable circuit having a clock input, a feed 
back input, and a control output, the clock input configured 
receive the clock signal; and (2) a clock distribution circuit 
coupled to the clock input configured to receive the clock 
signal and having an enable input and a clock output, the 
enable input coupled to the control output of the control and 
enable circuit. In these embodiments, when the feedback 
input is configured in a clock mode, the control and enable 
circuit generates a control signal on the control output to 
enable the clock signal to propagate through the clock distri 
bution circuit to the clock output. Alternatively, when the 
feedback input is configured in a pulse mode, the control and 
enable circuit generates a control signal on the control output 
to control a length of a pulse responsive to the clock signal at 
the clock output of the clock distribution circuit. 

In some embodiments, the feedback input is coupled to the 
clock output in the pulse mode and coupled to VSS in the 
clock mode. 

In some embodiments, the control and enable circuit also 
includes a tri-state inverter having an input coupled to a 
non-inverted version of the clockinput, an input coupled to an 
inverted version of the clock input, an input coupled to an 
internal enable node, and an output coupled to the control 
output. In these embodiments, the tri-state inverter is config 
ured to propagate a signal on the internal enable node through 
the tri-state inverter to the control output when the clock 
signal is low, and to not propagate the signal on the internal 
enable node through the tri-state inverter when the clock 
signal is high. 

In some embodiments, the tri-state inverter includes two 
p-type metal-oxide-semiconductor (PMOS) transistors 
coupled in series between VDD and the control output and 
two n-type metal-oxide-semiconductor (NMOS) transistors 
coupled in series between VSS and the control output. In 
these embodiments, a gate connection for both a first of the 
NMOS transistors and a first of the PMOS transistors is 
coupled to the internal enable node, a gate connection for a 
second of the PMOS transistors is coupled to the non-inverted 
version of the clockinput, and a gate connection for a second 
of the NMOS transistors is coupled to the inverted version of 
the clock input. 

In some embodiments, the control and enable circuit also 
includes a storage element coupled to the control output. In 
these embodiments, the storage element includes an inter 
ruptible tri-state inverter that includes: (1) an input coupled to 
the non-inverted version of the clock input, an input coupled 
to the inverted version of the clock input, an input coupled to 
an internal memory node, an input coupled to the feedback 
input, and an output coupled to the control output; and (2) an 
inverter that includes an input coupled to the control output 
and an output coupled to the internal memory node. In these 
embodiments, the interruptible tri-state inverter is configured 
to enable the storage element to capture a value on the control 
output when the clock signal transitions from low to high and 
store the value while the clock signal is high. 

In some embodiments, the interruptible tri-state inverter 
includes three PMOS transistors coupled in series between 
VDD and the control output and two NMOS transistors 
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4 
coupled in series between VSS and the control output. In 
these embodiments, a gate connection for a first of the NMOS 
transistors is coupled to the non-inverted version of the clock 
input, a gate connection for a first of the PMOS transistors is 
coupled to the inverted version of the clock input, a gate 
connection for a second of the PMOS transistors is coupled to 
the feedback input, and a gate connection for a third of the 
PMOS transistors and a second of the NMOS transistors is 
coupled to the internal memory node. 

In some embodiments, the control and enable circuit also 
includes an NMOS transistor coupled between the control 
output and VSS. In these embodiments, a gate connection of 
the NMOS transistor is coupled to the feedback input. 

In Some embodiments, the control and enable circuit 
includes at least one external enable input configured to 
receive at least one external enable signal. In these embodi 
ments, the control and enable circuit includes a control stage 
having an inverting circuit element coupled between the at 
least one external enable input and the internal enable node 
configured to propagate the at least one external enable signal 
to the tri-state inverter. 

In some embodiments, when a signal on the at least one 
external enable input is asserted, the control and enable cir 
cuit is configured to generate a signal on the control output to 
control the clock signal in the clock distribution circuit in the 
clock mode or in the pulse mode. In these embodiments, when 
a signal on the at least one external enable input is deasserted, 
the control and enable circuit is configured to generate a 
signal on the control output to prevent the clock signal from 
propagating from the clock input through the clock distribu 
tion circuit to the clock output. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 presents an exemplary clock header used to distrib 
ute a clock signal in an integrated circuit. 

FIG. 2 presents an exemplary clock enable control latch. 
FIG. 3 presents an exemplary clock generation circuit. 
FIG. 4 presents an exemplary clock pulse control circuit. 
FIG. 5 presents an exemplary pulse clock generation cir 

cuit. 
FIG. 6 presents a block diagram of a system in accordance 

with the described embodiments. 
FIG. 7 presents a schematic view of an integrated pulse 

control and enable latch circuit in accordance with the 
described embodiments. 

FIG. 8 presents a schematic view of an integrated pulse 
control and enable latch circuit coupled to a clock distribution 
circuit in accordance with the described embodiments. 

FIG. 9 presents a schematic view of an integrated pulse 
control and enable latch circuit coupled to a clock distribution 
circuit in accordance with the described embodiments. 

FIG.10 presents a flowchart illustrating a process for using 
an integrated pulse-control and enable latch circuit in accor 
dance with the described embodiments. 

FIG. 11 presents an alternative embodiment of an inte 
grated pulse-control and enable latch circuit. 

In the figures, like reference numerals refer to the same 
figure elements. 

DETAILED DESCRIPTION 

The following description is presented to enable any per 
son skilled in the art to make and use the described embodi 
ments, and is provided in the context of a particular applica 
tion and its requirements. Various modifications to the 
described embodiments will be readily apparent to those 
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skilled in the art, and the general principles defined herein 
may be applied to other embodiments and applications with 
out departing from the spirit and scope of the described 
embodiments. Thus, the described embodiments are not lim 
ited to the embodiments shown, but are to be accorded the 5 
widest scope consistent with the principles and features dis 
closed herein. 
Terminology 

In the following description, we refer to the voltages 
“VDD” and “VSS, which are the drain and source voltages, 10 
respectively, for metal-oxide-semiconductor (MOS) transis 
tors in the described embodiments. As is known in the art, 
VDD is typically the positive system voltage (e.g., 1.1 V), 
while VSS is the negative system Voltage or ground (e.g., 0 
V). Note that although we describe embodiments where these 15 
designations apply, alternative embodiments can use differ 
ent Voltages or different designations. 

In the following description, we refer to signals being 
“asserted” or “deasserted.” When a signal is asserted, the 
signal is set to a logical “1” value. In some embodiments, the 20 
logical 1 is equivalent to VDD. For example, the logical 1 is 
a voltage of 1.2 V in a system where VDD is 1.2 V. When a 
signal is deasserted, the signal is set to a logical '0' value, 
which is typically VSS or OV. Note that, although we describe 
embodiments where signals are asserted and deasserted using 25 
the indicated Voltages, alternative embodiments can use dif 
ferent Voltages. 
System 

FIG. 6 presents a block diagram of a clock generation 
circuit 600 in accordance with the described embodiments. 30 
Clock generation circuit 600 includes integrated pulse-con 
trol and enable latch circuit 602 (interchangeably called "con 
trol and enable circuit”), clock distribution circuit 604, and 
receiving circuit 606. Integrated pulse-control and enable 
latch circuit 602 generates a control signal 612 that controls 35 
the waveform of a clock 616 output by clock distribution 
circuit 604. Receiving circuit 606 receives the clock 616 
output by clock distribution circuit 604 and uses clock 616 as 
a timing or control signal. 

Integrated pulse-control and enable latch circuit 602 can be 40 
any circuit that can be configured to generate a control signal 
to either: (1) enable a clock; or (2) control the pulse length of 
a pulsed clock. 
When integrated pulse-control and enable latch circuit 602 

is configured to generate a control signal to enable a clock, 45 
control signal 612 can be used to enable the full duty-cycle 
waveform of clock input 608 to pass through clock distribu 
tion circuit 604. For the purposes of describing the embodi 
ments, we refer to the operating mode in which integrated 
pulse-control and enable latch circuit 602 generates the 50 
enable signal as the “clock mode.” In the clock mode, inte 
grated pulse-control and enable latch circuit 602 holds con 
trol signal 612 steady during one phase of clock input 608 to 
prevent control signal 612 from Switching at an incorrect time 
and causing glitches in clock 616. For example, in some 55 
embodiments, during the high phase of clockinput 608, inte 
grated pulse-control and enable latch circuit 602 can hold 
control signal 612 steady in the asserted or deasserted State 
that was present as the rising transition occurred on clock 
input 608 at the beginning of the high phase. In these embodi- 60 
ments, control signal 612 only Switches during the opposite 
phase of clock input 608 (e.g., the low phase of clock input 
608). 

In contrast, when configured to generate a control signal to 
control the pulse length of a pulsed clock, integrated pulse- 65 
control and enable latch circuit 602 generates a control signal 
that is the length of a pulse to be output on clock 616. For 

6 
example, assuming that a pulse of N pS is to be output on 
clock 616, integrated pulse-control and enable latch circuit 
602 can be configured to generate a rising pulse of N pS in 
control signal 612 that is then used to enable clock 616. For 
the purposes of describing the embodiments, we refer to the 
operating mode in which the pulse is generated as the “pulse 
mode.” 
Clock distribution circuit 604 can include one or more 

circuit elements or functional blocks that are configured to 
conditionally forward clock input 608 to output clock 616. 
The forwarding of clock input 608 through clock distribution 
circuit 604 is controlled by control signal 612. More specifi 
cally, during clock mode, the circuit elements or functional 
blocks in clock distribution circuit 604 are configured to 
forward an unmodified (i.e., full duty-cycle) version of clock 
616 when control signal 612 is asserted, but to prevent clock 
input 608 from propagating to clock 616 when control signal 
612 is deasserted. On the other hand, during pulse mode, the 
circuit elements or functional blocks are configured to for 
ward a pulsed output signal on clock 616 as controlled by an 
asserted pulse on control signal 612, but otherwise to block 
propagation of clock input 608 through clock distribution 
circuit 604 when control signal 612 is deasserted. 

In some embodiments, clock 616 feeds back to integrated 
pulse-control and enable latch circuit 602. As described 
below, in some embodiments, clock 616 can be used in gen 
erating control signal 612. Note, however, that although clock 
616 is shown in FIG. 6 as feeding back to integrated pulse 
control and enable latch circuit 602, in some embodiments, 
clock 616 does not feedback to integrated pulse-control and 
enable latch circuit 602 (i.e., the feedback of clock 616 is 
optional). For example, in embodiments where integrated 
pulse-control and enable latch circuit 602 is configured in the 
clock mode, clock 616 may not feedback to integrated pulse 
control and enable latch circuit 602. 

Receiving circuit 606 can be any type of circuit that uses 
the waveform generated by clock distribution circuit 604 as a 
timing signal, a control signal, a reference signal, a data 
signal, or for another purpose. For example, receiving circuit 
606 can be, but is not limited to, one or more individual circuit 
elements (e.g., pulse latches, domino circuits, memory ele 
ments, control circuits, etc.), a synchronous random-access 
memory (SRAM) or dynamic random-access memory 
(DRAM), a microprocessor, a controller, or an application 
specific integrated circuit (ASIC). In some embodiments, 
receiving circuit 606 uses a full duty-cycle clock 616. In 
alternative embodiments, receiving circuit 606 uses a pulsed 
clock 616. In other alternative embodiments, receiving circuit 
606 can use either type of clock, depending on an operating 
mode (e.g., clock mode or pulse mode). 
As described above, based on the state of clock input 608, 

enable input 610, and possibly clock 616, integrated pulse 
control and enable latch circuit 602 generates an output signal 
on control signal 612. More specifically, in Some embodi 
ments, based on the state of enable input 610 and/or clock 
616, integrated pulse-control and enable latch circuit 602 can 
be enabled and can generate eitheran enable or a pulse control 
signal. Alternatively, based on the state of enable input 610, 
integrated pulse-control and enable latch circuit 602 can be 
disabled and generate a steady, unchanging signal on control 
signal 612. 
To disable integrated pulse-control and enable latch circuit 

602, enable input 610 is deasserted. When integrated pulse 
control and enable latch circuit 602 is disabled, control signal 
612 is held steady in a deasserted State. Because control signal 
612 is deasserted, clock distribution circuit 604 outputs a 
steady, unchanging waveform on clock 616. More specifi 
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cally, in Some embodiments, when control signal 612 is deas 
serted, clock distribution circuit 604 outputs clock 616 
steadily at a predetermined voltage level (e.g., VDD or VSS). 
Note that integrated pulse-control and enable latch circuit 602 
can be disabled by deasserting enable input 610, regardless of 
any signal waveform in clock input 608. 

In contrast, to enable integrated pulse-control and enable 
latch circuit 602, enable input 610 is asserted. As described 
above, when enable input 610 is asserted, the waveform out 
put by integrated pulse-control and enable latch circuit 602 on 
control signal 612 can be either an enable signal if integrated 
pulse-control and enable latch circuit 602 is configured in the 
clock mode, or can be a pulsed waveform if integrated pulse 
control and enable latch circuit 602 is configured in the pulse 
mode. 

In some embodiments, to configure integrated pulse-con 
trol and enable latch circuit 602 in the clock mode, the feed 
back from clock 616 is coupled to VSS. For these embodi 
ments, the feedback from clock 616 shown in FIG. 6 is 
optional, as the feedbackinput to integrated pulse-control and 
enable latch circuit 602 can be locally coupled to VSS. 

In some embodiments, to configure integrated pulse-con 
trol and enable latch circuit 602 in the pulse mode, the feed 
back from clock 616 is coupled to integrated pulse-control 
and enable latch circuit 602. In some embodiments, in this 
configuration, a rising pulse on control signal 612 starts at the 
rising edge of clock input 608. The rising pulse on control 
signal 612 enables clock distribution circuit 604 to forward 
the rising edge of clock input 608 to clock 616. The rising 
edge of the clock signal on clock 616 then feeds back to 
integrated pulse-control and enable latch circuit 602, causing 
a falling edge on control signal 612 and ending the rising 
pulse on control signal 612. The falling edge on control signal 
612 disables clock distribution circuit 604, ending the rising 
pulse on control signal 612. (Note that, although we describe 
a rising pulse on control signal 612, alternative embodiments 
use a falling pulse on control signal 612). 

Note that, unlike the above-described existing clock enable 
circuit (shown in FIG. 3) and clock-control circuit (shown in 
FIG. 5), integrated pulse-control and enable latch circuit 602 
does not require that enable input 610 be changed from one 
logical state to another (i.e., inverted) in order to generate 
each type of control signal. More specifically, in some 
embodiments, enable input 610 is an active-high signal that 
enables integrated pulse-control and enable latch circuit 602 
to generate the indicated control signals. Because integrated 
pulse-control and enable latch circuit 602 can be operated in 
either clock mode or pulse mode with the same logical state 
for the enable signal, integrated pulse-control and enable 
latch circuit 602 can be substituted more easily in circuits to 
convert the circuits from a full duty-cycle clock to a pulsed 
clock. In addition, no extra devices (transistors, functional 
blocks, etc.) are required for the change from clock enabling 
to pulse clock control generation, because integrated pulse 
control and enable latch circuit 602 can generate either type of 
waveform. 

Clock generation circuit 600 can be incorporated into 
many different types of electronic devices. For example, 
clock generation circuit 600 can be part of a desktop com 
puter, a laptop computer, a server, a media player, an appli 
ance, a cellular phone, a piece of audio/visual equipment, a 
piece of testing equipment, a network appliance, a personal 
digital assistant (PDA), a hybrid device (i.e., a “smartphone') 
or another electronic device. 

Although we use specific components to describe clock 
generation circuit 600, in alternative embodiments, different 
components may be present in clock generation circuit 600. 
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8 
For example, clock generation circuit 600 may include one or 
more additional receiving circuits 606. In addition, although 
we show the input signals to integrated pulse-control and 
enable latch circuit 602 as including a number of signals, in 
alternative embodiments, more or fewer signals can be used 
as inputs for integrated pulse-control and enable latch circuit 
602. For example, enable input 610, which is shown in FIG. 6 
as a single enable signal may include one or more additional 
different control signals. 
Integrated Pulse-Control and Enable Latch Circuit 

FIG. 7 presents a schematic view of an integrated pulse 
control and enable latch circuit 602 in accordance with the 
described embodiments. Integrated pulse-control and enable 
latch circuit 602 includes control stage 700 and generation 
stage 702. Control stage 700 logically combines enable inputs 
610 to form an internal enable signal that either enables or 
disables generation stage 702. When enabled, depending on a 
signal on feedback 720, generation stage 702 generates either 
a clock enable or a pulsed control signal on control signal 612. 
When disabled, generation stage 702 outputs a steady signal 
(at VSS) on control signal 612. (Note that we interchangeably 
call integrated pulse-control and enable latch circuit 602 a 
“control and enable circuit.') 

Note that, although we show an embodiment where the 
enable inputs 610 include power clock enable override 
(PCE OV) 704, power clock enable (PCE) 706, and global 
power clock enable (GPCE) 708, alternative embodiments 
can use different numbers of enable signals and/or different 
combinational logic. For example, in Some embodiments, 
enable inputs 610 include only a single enable signal that can 
be fed through an inverter to generation stage 702 (and not an 
and-or-invert (AOI) gate as shown in FIG. 7). 

In the embodiment shown in FIG. 7, clock input 608 is 
coupled to inverters 710 and 712. The pair of inverters is 
configured to provide both a non-inverted and an inverted 
version of clock input 608 to generation stage 702. Note that 
in some embodiments only one inverter may used, as a single 
inverter is sufficient to provide the inverted version of clock 
input 608 to the internal circuit elements in integrated pulse 
control and enable latch circuit 602, and the non-inverted 
version of clock input 608 exists as an input to integrated 
pulse-control and enable latch circuit 602. However, embodi 
ments where two inverters are used can have improved clock 
slew rates and can be configured to place less load on clock 
input 608. 

Within integrated pulse-control and enable latch circuit 
602, tri-state inverter 714 is configured to selectively forward 
the enable signal on internal enable node 718 to the control 
signal 612 output. Tri-state inverter 714 includes an NMOS 
transistorand a PMOS transistor coupled to clockinput 608 to 
disable tri-state inverter 714 so that tri-state inverter 714 is not 
driving when clock input 608 is in the high logical state (i.e., 
is a logical “1”), and to enable tri-state inverter 714 when 
clock input 608 is in the low logical state. Because tri-state 
inverter 714 is configured in this way, tri-state inverter 714 
prevents changes in enable inputs 610 from propagating to 
control signal 612 when clock input 608 is in the high logical 
state, which can prevent glitches in a clock signal enabled by 
control signal 612 caused by mistimed transitions in enable 
inputs 610. 

Storage element 716 is formed from a back-to-back 
inverter pair that includes interruptible tri-state inverter 717 
and inverter 719. Interruptible tri-state inverter 717 includes 
an NMOS transistor and a PMOS transistor coupled to clock 
input 608 that enable the value stored in storage element 716 
to be updated when clock input 608 transitions from high to 
low (i.e., a “write' of the storage element 716). The write of 
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storage element 716 captures a value on internal enable node 
718 driven by control stage 700. The captured value can then 
be held during the high phase of clock input 608. (Interrupt 
ible tri-state inverter 717 also includes an interrupt PMOS 
transistor, as is described below.) 

Note that, although storage element 716 is able to hold the 
captured value on control signal 612 during the high phase of 
clock input 608, when integrated pulse-control and enable 
latch circuit 602 is configured in the pulse mode, a feedback 
clock signal can cause the NMOS transistor coupled to feed 
back 720 to pull control signal 612 to VSS to end the rising 
pulse on control signal 612, thereby changing the value held 
in storage element 716 before the end of the high phase on 
clock input 608. 
As described above, tri-state inverter 714 is disabled as 

clock input 608 transitions from low to high, but is otherwise 
enabled. In addition, storage element 716 is written as clock 
input 608 transitions from high to low. This configuration of 
these circuit elements causes enable inputs 610 to propagate 
to control signal 612 unchanged (including any transitions) 
while clock input 608 is low, but captures the state of enable 
inputs 610 as clockinput 608 transitions from low to high and 
holds the captured value in storage element 716 for the dura 
tion of the high on clock input 608. In other words, integrated 
pulse-control and enable latch circuit 602 is transparent to 
changes in enable inputs 610 during the low phase of clock 
input 608. 

In some embodiments, feedback 720 is coupled to a clock 
signal from a clock distribution circuit (e.g., clock 616 from 
clock distribution circuit 604). This configuration places inte 
grated pulse-control and enable latch circuit 602 in the pulse 
mode so that integrated pulse-control and enable latch circuit 
602 generates pulses on control signal 612 to control a pulsed 
clock. More specifically, the PMOS transistor coupled to 
feedback 720 in interruptible tri-state inverter 717, in combi 
nation with the NMOS transistor coupled to feedback 720, 
enables a clock feedback from the clock distribution circuit 
(e.g., a rising edge of clock 616 from clock distribution circuit 
604) to propagate back to integrated pulse-control and enable 
latch circuit 602 to end the rising pulse on control signal 612 
generated from a rising edge of clock input 608. Note that the 
PMOS device coupled to feedback 720 in interruptible tri 
state inverter 717 prevents contention while the NMOS tran 
sistor coupled to feedback 720 is pulling the control signal 
612 node low to end the rising pulse on control signal 612. 

In some embodiments, feedback 720 is coupled to VSS. 
This configuration places integrated pulse-control and enable 
latch circuit 602 in the clock mode so that integrated pulse 
control and enable latch circuit 602 generates a clock enable 
signal. In these embodiments, the PMOS transistor coupled to 
feedback 720 in interruptible tri-state inverter 717 is always 
enabled, and the NMOS transistor coupled to feedback 720 is 
always disabled. Hence, these embodiments generate a clock 
enable signal that is not terminated by the return of a feedback 
from clock distribution circuit 604. In other words, instead of 
generating a pulsed control signal 612, these embodiments 
forward enable inputs 610 to form a clock enable on control 
signal 612. In these embodiments, transitions on enable 
inputs 610 are only forwarded to control signal 612 during the 
low phase of clock input 608, as described above. 

FIG. 8 presents a schematic view of an integrated pulse 
control and enable latch circuit 602 coupled to a clock distri 
bution circuit 604 in accordance with the described embodi 
ments. The circuit shown in FIG. 8 is configured to generate 
a pulsed clock; hence, clock 616 is fed back into integrated 
pulse-control and enable latch circuit 602. 
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10 
FIG. 9 presents a schematic view of an integrated pulse 

control and enable latch circuit 602 in accordance with the 
described embodiments. The circuit shown in FIG. 9 is con 
figured to generate a clock enable (i.e., to enable the full 
duty-cycle of clock input 608 to propagate to clock 616); 
hence, the gate connections of the PMOS and NMOS tran 
sistor used as a feedback path in the other configuration are 
coupled to ground (VSS) in this configuration. 
Comparing FIGS. 8-9, it can be seen that the integrated 

pulse-control and enable latch circuit 602 can be configured 
as either a clock enable latch or a pulse control by simply 
switching a gate connection of the feedback MOS transistors 
from being coupled to clock 616 to being coupled to ground 
(VSS). Because this configuration requires almost no change 
in the layout of the circuit (i.e., no logical changes are 
required in the enable signals, no extra devices are required, 
etc.), integrated pulse-control and enable latch circuit 602 can 
be used more easily than existing circuits in applications 
where a clock enable may be switched to a pulse control (i.e., 
when Switching from a full duty-cycle clock to a pulsed 
clock). 
Process for Using an Integrated Pulse-Control and Enable 
Latch Circuit 
FIG.10 presents a flowchart illustrating a process for using 

an integrated pulse-control and enable latch circuit 602 in 
accordance with the described embodiments. The process 
starts by coupling a clock input 608 and one or more enable 
inputs 610 to an integrated pulse-control and enable latch 
circuit 602 (step 1000). Clock input 608 and a control signal 
612 of integrated pulse-control and enable latch circuit 602 
are then coupled to the inputs of a clock distribution circuit 
604 (step 1002). 

Next, if integrated pulse-control and enable latch circuit 
602 is to be used to generate a pulsed clock control signal 612 
(step 1004), a feedback is coupled between a clock output of 
clock distribution circuit 604 and a feedback path for inte 
grated pulse-control and enable latch circuit 602 (step 1006). 
Otherwise, the feedback input for integrated pulse-control 
and enable latch circuit 602 is coupled to VSS (step 1008). 

Integrated pulse-control and enable latch circuit 602 is then 
operated to generate the control signal 612 for which inte 
grated pulse-control and enable latch circuit 602 was config 
ured (step 1010). More specifically, if integrated pulse-con 
trol and enable latch circuit 602 is configured to enable a 
pulsed clock signal, integrated pulse-control and enable latch 
circuit 602 generates rising pulses on control signal 612, the 
lengths of which are controlled by the feedback path from 
clock 616 (as described above). Otherwise, if integrated 
pulse-control and enable latch circuit 602 is configured to 
generate a clock enable signal, integrated pulse-control and 
enable latch circuit 602 generates an enable signal on control 
signal 612. In both cases, the configuration of tri-state inverter 
714 and storage element 716 prevents an incorrect transition 
on control signal 612 caused by a mistimed transition in the 
one or more enable signals. 
Alternative Embodiments 

FIG. 11 presents an alternative embodiment of integrated 
pulse-control and enable latch circuit 602. In the embodiment 
shown in FIG. 11, three transistors have been added to inte 
grated pulse-control and enable latch circuit 602 to enable the 
configuration of integrated pulse-control and enable latch 
circuit 602 as a ring oscillator. When integrated pulse-control 
and enable latch circuit 602 is configured as a ring oscillator, 
the frequency of the oscillating waveform output from inte 
grated pulse-control and enable latch circuit 602 can be mea 
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Sured and used to determine the pulse length of the pulse 
output from integrated pulse-control and enable latch circuit 
602 (i.e., in pulse mode). 
The additional transistors include an NMOS transistor 

added to the interruptible tri-state inverter in the storage ele 
ment, and two series-coupled PMOS transistors added to the 
control signal 612 node. The additional transistors enable 
integrated pulse-control and enable latch circuit 602 to be 
configured using oscillator disable (OSC DISABLE) 1100 to 
include an additional complete inversion formed by the 
NMOS transistorand the additional PMOS transistor coupled 
to feedback 720 to switch integrated pulse-control and enable 
latch circuit 602 from a pulse generator (i.e., in the pulse 
mode) to an oscillator. 
The foregoing descriptions of embodiments have been pre 

sented only for purposes of illustration and description. They 
are not intended to be exhaustive or to limit the embodiments 
to the forms disclosed. Accordingly, many modifications and 
variations will be apparent to practitioners skilled in the art. 
Additionally, the above disclosure is not intended to limit the 
embodiments. The scope of the embodiments is defined by 
the appended claims. 

What is claimed is: 
1. A configurable clock circuit operable to receive a clock 

signal, comprising: 
a control and enable circuit having a clock input, a feed 
back input, and a control output, the clock input config 
ured to receive the clock signal; and 

a clock distribution circuit coupled to the clock input con 
figured to receive the clock signal and having an enable 
input and a clock output, the enable input coupled to the 
control output of the control and enable circuit; 

wherein when the feedback input is configured in a clock 
mode, the feedback input is coupled to VSS, and the 
control and enable circuit generates a control signal on 
the control output to enable the clock signal to propagate 
through the clock distribution circuit to the clock output, 
and wherein, when the feedback input is configured in 
the clock mode, enabling the clock signal to propagate 
through the clock distribution circuit to the clock output 
comprises using the feedbackinput to enable at least one 
full duty-cycle waveform for the clock input to propa 
gate through the clock distribution circuit to the clock 
output; 

wherein when the feedback input is configured in a pulse 
mode, the feedback input is coupled to the clock output, 
and the control and enable circuit generates a control 
signal on the control output to control a length of a pulse 
responsive to the clock signal at the clock output of the 
clock distribution circuit; and 

wherein the feedback input is coupled to an input of an 
interruptible tri-state inverter and to a transistor, wherein 
the interruptible tri-state inverter has a second input 
coupled to an inverted version of the clock input, a third 
input coupled to a non-inverted version of the clock 
input, and an output coupled to the transistor. 

2. The circuit of claim 1, wherein the control and enable 
circuit further comprises: 

a tri-state inverter having an input coupled to the non 
inverted version of the clock input, an input coupled to 
the inverted version of the clock input, an input coupled 
to an internal enable node, and an output coupled to the 
control output; 

wherein the tri-state inverter is configured to propagate the 
signal on the internal enable node through the tri-state 
inverter to the control output when the clock signal is 
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12 
low, and to not propagate the signal on the internal 
enable node through the tri-state inverter when the clock 
signal is high. 

3. The circuit of claim 2, wherein the tri-state inverter 
includes two p-type metal-oxide-semiconductor (PMOS) 
transistors coupled in series between VDD and the control 
output and two n-type metal-oxide-semiconductor (NMOS) 
transistors coupled in series between VSS and the control 
output; 

wherein a gate connection for both a first of the NMOS 
transistors and a first of the PMOS transistors is coupled 
to the internal enable node: 

wherein a gate connection for a second of the PMOS tran 
sistors is coupled to the non-inverted version of the clock 
input; and 

wherein a gate connection for a second of the NMOS 
transistors is coupled to the inverted version of the clock 
input. 

4. The circuit of claim 2, wherein the control and enable 
circuit further comprises: 

a storage element coupled to the control output, wherein 
the storage element comprises: 

an interruptible tri-state inverter that includes an input 
coupled to the non-inverted version of the clockinput, an 
input coupled to the inverted version of the clock input, 
an input coupled to an internal memory node, an input 
coupled to the feedback input, and an output coupled to 
the control output; and 

an inverter that includes an input coupled to the control 
output and an output coupled to the internal memory 
node: 

wherein the interruptible tri-state inverter is configured to 
enable the storage element to capture a value on the 
control output when the clock signal transitions from 
low to high and store the value while the clock signal is 
high. 

5. The circuit of claim 4, wherein the interruptible tri-state 
inverter includes three PMOS transistors coupled in series 
between VDD and the control output and two NMOS transis 
tors coupled in series between VSS and the control output; 

wherein a gate connection for a first of the NMOS transis 
tors is coupled to the non-inverted version of the clock 
input; 

wherein a gate connection for a first of the PMOS transis 
tors is coupled to the inverted version of the clockinput; 

wherein a gate connection for a second of the PMOS tran 
sistors is coupled to the feedback input; and 

wherein a gate connection for a third of the PMOS transis 
tors and a second of the NMOS transistors is coupled to 
the internal memory node. 

6. The circuit of claim 4, wherein the control and enable 
circuit further comprises: 

an NMOS transistor coupled between the control output 
and VSS, wherein a gate connection of the NMOS tran 
sistor is coupled to the feedback input. 

7. The circuit of claim 2, wherein the control and enable 
circuit includes: 

at least one external enable input configured to receive at 
least one external enable signal; and 

a control stage having an inverting circuit element coupled 
between the at least one external enable input and the 
internal enable node configured to propagate the at least 
one external enable signal to the tri-state inverter. 

8. The circuit of claim 7, wherein when a signal on the at 
least one external enable input is asserted, the control and 
enable circuit is configured to generate a signal on the control 
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output to control the clock signal in the clock distribution 
circuit in the clock mode or in the pulse mode; and 

wherein when a signal on the at least one external enable 
input is deasserted, the control and enable circuit is 
configured to generate a signal on the control output to 
prevent the clock signal from propagating from the clock 
input through the clock distribution circuit to the clock 
output. 

9. An electronic device, comprising: 
a control and enable circuit having a clock input, a feed 
back input, and a control output, the clock input config 
ured receive a clock signal; 

a clock distribution circuit coupled to the clock input con 
figured to receive the clock signal and having an enable 
input and a clock output, the enable input coupled to the 
control output of the control and enable circuit; and 

a receiving circuit having a clockinput, wherein the receiv 
ing circuit is configured to receive a signal on the clock 
output from the clock distribution circuit on the clock 

wherein when the feedback input is configured in a clock 
mode, the feedback input is coupled to VSS, and the 
control and enable circuit generates a control signal on 
the control output to enable the clock signal to propagate 
through the clock distribution circuit to the clock output, 
and wherein, when the feedback input is configured in 
the clock mode, enabling the clock signal to propagate 
through the clock distribution circuit to the clock output 
comprises using the feedbackinput to enable at least one 
full duty-cycle waveform for the clock input to propa 
gate through the clock distribution circuit to the clock 
output; 

wherein when the feedback input is configured in a pulse 
mode, the feedback input is coupled to the clock output, 
and the control and enable circuit generates a control 
signal on the control output to control a length of a pulse 
responsive to the clock signal at the clock output of the 
clock distribution circuit; and 

wherein the feedback input is coupled to an input of an 
interruptible tri-state inverter and to a transistor, wherein 
the interruptible tri-state inverter has a second input 
coupled to an inverted version of the clock input, a third 
input coupled to a non-inverted version of the clock 
input, and an output coupled to the transistor. 

10. The electronic device of claim 9, wherein the control 
and enable circuit further comprises: 

a tri-state inverter having an input coupled to the non 
inverted version of the clock input, an input coupled to 
the inverted version of the clock input, an input coupled 
to an internal enable node, and an output coupled to the 
control output; 

wherein the tri-state inverter is configured to propagate the 
signal on the internal enable node through the tri-state 
inverter to the control output when the clock signal is 
low, and to not propagate the signal on the internal 
enable node through the tri-state inverter when the clock 
signal is high. 

11. The electronic device of claim 10, wherein the tri-state 
inverter includes two p-type metal-oxide-semiconductor 
(PMOS) transistors coupled in series between VDD and the 
control output and two n-type metal-oxide-semiconductor 
(NMOS) transistors coupled in series between VSS and the 
control output; 

wherein a gate connection for both a first of the NMOS 
transistors and a first of the PMOS transistors is coupled 
to the internal enable node: 
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14 
wherein a gate connection for a second of the PMOS tran 

sistors is coupled to the non-inverted version of the clock 
input; and 

wherein a gate connection for a second of the NMOS 
transistors is coupled to the inverted version of the clock 
input. 

12. The electronic device of claim 10, wherein the control 
and enable circuit comprises: 

a storage element coupled to the control output, wherein 
the storage element comprises: 

an interruptible tri-state inverter that includes an input 
coupled to the non-inverted version of the clockinput, an 
input coupled to the inverted version of the clock input, 
an input coupled to an internal memory node, an input 
coupled to the feedback input, and an output coupled to 
the control output; and 

an inverter that includes an input coupled to the control 
output and an output coupled to the internal memory 
node: 

wherein the interruptible tri-state inverter is configured to 
enable the storage element to capture a value on the 
control output when the clock signal transitions from 
low to high and store the value while the clock signal is 
high. 

13. The electronic device of claim 12, wherein the inter 
ruptible tri-state inverter includes three PMOS transistors 
coupled in series between VDD and the control output and 
two NMOS transistors coupled in series between VSS and the 
control output; 

wherein a gate connection for a first of the NMOS transis 
tors is coupled to the non-inverted version of the clock 
input; 

wherein a gate connection for a first of the PMOS transis 
tors is coupled to the inverted version of the clockinput; 

wherein a gate connection for a second of the PMOS tran 
sistors is coupled to the feedback input; and 

wherein a gate connection for a third of the PMOS transis 
tors and a second of the NMOS transistors is coupled to 
the internal memory node. 

14. The electronic device of claim 12, wherein the control 
and enable circuit further comprises: 

an NMOS transistor coupled between the control output 
and VSS, wherein a gate connection of the NMOS tran 
sistor is coupled to the feedback input. 

15. The electronic device of claim 10, wherein the control 
and enable circuit includes a control stage having an inverting 
circuit element configured to receive at least one external 
enable input, the control stage having an enable output 
coupled to the internal enable node configured to enable the 
clock output of the clock distribution circuit in response to the 
at least one external enable input. 

16. The electronic device of claim 15, wherein when a 
signal on the at least one external enable input is asserted, the 
control and enable circuit is configured to generate a signal on 
the control output to control the clock signal in the clock 
distribution circuit in the clock mode or in the pulse mode: 
and 

wherein when a signal on the at least one external enable 
input is deasserted, the control and enable circuit is 
configured to generate a signal on the control output to 
prevent the clock signal from propagating from the clock 
input through the clock distribution circuit to the clock 
output. 
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17. A method for operating a clock control circuit, com 
prising: 

receiving a clock signal at a clock input of a clock distri 
bution circuit, the clock distribution circuit having a 
clock control input and a clock output, 

receiving the clock signal at a clockinput of a clock control 
and enable circuit, the clock control and enable circuit 
having a control output coupled to the clock control 
input of the clock distribution circuit; 

enabling a clock mode signal at the control output of the 
control and enable circuit to configure the clock distri 
bution circuit to propagate the clock signal to the clock 
output by receiving VSS at a feedback input to the con 
trol and enable circuit, and wherein, configuring the 
clock distribution circuit to propagate the clock signal 
comprises using the feedback input to enable at least one 
full duty-cycle waveform for the clock input to propa 
gate through the clock distribution circuit to the clock 
output; and 

enabling a pulse mode signal at the control output of the 
control and enable circuit to configure the clock distri 
bution circuit to generate a pulsed clock output respon 
sive to the clock signal received at the clock input by 
receiving the clock output signal at a feedback input of 
the clock control and enable circuit, 
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wherein the feedback input is coupled to an input of an 

interruptible tri-state inverter and to a transistor, wherein 
the interruptible tri-state inverter has a second input 
coupled to an inverted version of the clock input, a third 
input coupled to a non-inverted version of the clock 
input, and an output coupled to the second transistor. 

18. The circuit of claim 2, wherein the interruptible tri-state 
inverter has a transistor coupled to the input of the interrupt 
ible tri-state inverter, wherein controlling the length of the 
pulse comprises using the feedback input and the two tran 
sistors to end a rising pulse on the control output that was 
generated from a rising edge of the clock input, and wherein 
the transistor for the interruptible tri-state inverter prevents 
contention and the transistor pulls the control output low. 

19. The circuit of claim 18, wherein the interruptible tri 
state inverter has a fourth input coupled to the output of the 
interruptible tri-state inverter through an inverter. 

20. The circuit of claim 19, wherein the feedback input is 
coupled to a gate terminal for the transistor and wherein the 
output coupled to the transistor is coupled a different terminal 
for the transistor. 

21. The circuit of claim 20, wherein the output for the 
tri-state inverter is coupled to the output for the interruptible 
tri-state inverter. 


